PURPOSE OF REPORT

INTRODUCTION

At the request of Lawrence Township's Municipal Manager, Mr.
George Gottuso, our office undertook an inspection and evaluation
of the subject dam and adjacent area. The purpose was to establish
a sound basis for such recommendations relative to restoration or
replacement of the dam.

The June 6, 1976 field inspection was made by Mr. James Alatsas,
P.E. and Mr. James Conway, both of Thomas Tyler Moore Associates,
Municipal Engineer.

The July 7, 1976 field inspection was made by Mr. James Alatsas,
P.E. and Mr. Donald Finney, both of Thomas Tyler Moore Associates,
Municipal Engineer.

FIELD INSPECTION

The inspections covered the concrete dam and wingwall, the
earthen dam, the runoff section and top surfaces, the downstream
face of the dam, and the adjoining area.

Photographs were taken of various areas and conditions.
s

In addition to the inspections on the dates listed above, other
periodic inspections were also made, including times after heavy
rains, as well as prolonged dry spells.
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MAIN TEXT - INSPECTIONS

The existing conditions of the "dam structures" have been
inspected and evaluated relative to current standard and approved
engineering and construction principles. The references include
the water resource technical publication on small dams published
for the United States Department of the Interior.

The inspections were made, and photographs taken after varying
weather conditions, particularly rain and "dry spells".

The prime purpose is to establish an objective evaluation regarding:
A) Restoration
B) Replacement
C) Additionally, possible flood control aspects are suggested:

1l - by lowering the water level and depth of the lake,
or

2 - by raising the water level.

The "dam structures" consist primarily of 3 basic sections. One
is of concrete with overflow or discharge facilities. The other is a
composite mass of macadam, earth, rip-rap, etc., the third is an earthen
structure. Observations and findings include:

I) Severe erosion on all sections of the dam.
II) Considerable settlement and wash-out of the earthen dam.

III) Southwesterly inlet for 24" @ outlet, had "trapped and
collected" considerable trash and debris, which created
a repugnant array of stagnant water, to the point where
the southwesterly end of the dam meets the shore line
which has adjoining residences.

IV) A section of the 24" @ R.C.P. outlet pipe had apparently
"washed-out" at the downstream face.
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MAIN TEXT - INSPECTIONS (Cont'd.)

v)

VI)

VII)

VIII)

IX)

Center (or composite) section of the dam has considerable
seepage, erosion and undermining. Numerous deep '"potholes"
on downstream face emphasize extent of through the dam
seepage.

Bituminous surfacing on the downstream face of the
center section has been displaced and upheaved due to
seepage, pressure built-up, and freezing effects.

Concrete portion of dam and spillway showed effects
of use, weathering, and service, which included:

a) undermining, deterioration and upheavel of
concrete apron along downstream toe.

b) severe spalling and undermining, producing
a "cave-like" opening on the downstream face
where the center section meets the concrete
portion of the dam.

c) vertical crack and apparent separation of
the concrete dam at the left end of the main
spillway, ranging from 1/4" at the toe, to
1" at the crest.

d) severe spalling and erosion at the water line
of the upstream face of the concrete wingwall.
The concrete wingwall thickness has been
reduced (by erosion) from 1/3 to 1/2 its
original dimension, with the reinforcing steel
clearly exposed.

e) cracks in the concrete apron have advanced to
the stage where the reinforcing steel is
clearly exposed.

Immediately on the downstream side of the dam, con-
siderable debris has collected. This condition is
aggravated by the upheaved, displaced and cracked
concrete and macadam which "trap" the debris. The
"potholes" assist in the collection of the debris.

The sluice gates are severely corroded and rust-
seized. The concrete sluice way has spalled and
eroded. The downstream area of the sluiceway, which
constantly seeps due to its deterioration, has its
own collection of debris.
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Note:

B ——

Section V (Schedule "A" - Photo Exhibits) was
not included in this appendix because of very
poor quality reproduction. If copies of this

section are desired, please contact the owner.
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EVALUATIONS /RECOMMENDATIONS

EVALUATIONS

The condition and function of the dam has been severely and
adversely effected by the continual and progressive deterioration,
undermining and displacement of the dam structure.

The "condition" is not reversible by mere passage of time.
On the contrary, it will eventually reach the point where the dam
structure will not function in its intended use, and it will be
difficult to maintain the lake at any level due to excessive seepage
through-the-dam, its cracks and openings.

Aside from the structural considerations, the immediate upstream
and downstream areas, with the stagnant waters and debris, are re-
pugnant from both a health and aesthetic point of view.

RECOMMENDATIONS

A) Restoration - The dam can be restored, and can be made to
function in its intended use. However the full extent of
the "damage" due to deterioration, etc. is difficult, if
not impossible, to precisely determine. Therefore, at best
the "serviceable-life" of the restored dam cannot be possitively
established.

To remove, replace, renew, etc. the damaged portions of the
dam to properly restore it to its original condition would
incur costs equal to or possibly in excess of its replacement
cost.

To restore the dam to its original condition would foreclose
possible considerations or inclusion of "supplemental"
functions of the dam, which would improve its function,
health condition and aesthetics.
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ECOMMENDATIONS (Cont'd.)

B)

C)

D)

Replacement - The dam can be replaced with little or no
interruption of its present function. "Supplemental"
functions can be considered and included in the new dam.
The cost should not exceed that of proper restoration of
the dam. Recommend new dam be located 50 to 75 feet
downstream of present location.

"Supplemental" functions can possibly include:

1 - Flood-control aspects, by allowing for a "reserve"
capacity by raising the dam height or lowering the
lake bottom.

2 - A silt cleanout or escape sluice gate at the bottom
of the dam near its center, and preferably at the
deepest point and under the spillway.

3 - The dam configuration to minimize stagnant waters
and debris.

The additional costs for the "supplemental" functions
shculd be nominal, relative to the overall total cost.

A well functioning and attractive dam and lake will stabilize
or improve the property values in the surrounding and adjoining
areas.

The water plug borings will include: sieve analysis, hydro-
meter testing and drying time. Such boring and testing is

more specialized. For better control and more reliable results,
it is recommended that one contractor be responsible for the
boring and testing. The results of such work will help establish
the best manner or removal, the cost of removal, and the approxi-
mate time required to remove the silt from the lake, and to re-
move, or to demolish-and-remove, the existing dam structure.
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APPENDIX D ’

COPY OF ORIGINAL REPORT (EXCLUDING PHOTOGRAPHS) OF
"STRUCTURAL INSPECTIONS, EVALUATIONS AND
RECOMMENDATIONS OF COLONIAL LAKE DAM"

By Thomas Tyler Moore Associates, Inc.
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PURPOSE OF REPORT

5B

INTRODUCTION

At the reques* of Lawrence Township's Municipal Manager, Mr.
Gecorge Gottuso, our office uniertook an inspection and cvaluaticn
of the subject dam and adjacent area. The purpose was to establish
a sound basis for such recommendations relative to restoration or
replacement of the dam.

The June 6, 1976 field irspuction was wmade by Mrs. James Alatsas,
P.E. cnd Mr. Jares Conway, tcoth o[ haomas Tyler Moorce Associates,
*unicipal Engineer. g =5 )
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The July 7, 1976 field inspection was made py Mr. James Elatsas,
P.BE. and 4r. Donald Finney, betn of Thomas Tyler Moore Associates,

Hunicipal engincer.
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PIFLD INSPECTION

The inepections covered the concrete dam and wingwall, thae
carthen dam, Lhe ruroff secticn ard top surfaces, the downstream
face of the dam, and the adjcining arca,

Photographs were taken of various arcas and conditions.

xh addition to the inspections on the dates listed above, other
periodic inspections were also rade, ircluding tincs after heavy
rains, .as well as prolonged dry spells.
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MAIN TEXT - INSPECTIONS

A

The existing conditions ot the “dam st_uctures® hive been
insgccte@ #nd cyaluztod relative to cursant standard ad acoroves
engirneeriny and construction principles. The referances iaclude
the water rescurce technical publicacion on small dems published
for the United States Department cf ihe Interior.

s

The ins?egtions were made, and photographs taken after varying
wzather conditions, particularly rain and “dry spells®.

The prime purpose is tc establish an objective evaluation regarding:
A). Bestoration :
B) Replacement’
C) Additionally, possible flood control asrects are suggosted:

1 - by lowering the water level and decoth of the lake,
or

2 - by —aising the water level.

The "dam structures® consist primarily of 3 tasic sections. Gne
is of concrete with cverflow cr discharge facilitics. The othker is a

comnosite mass of micadam, earth, rip-rap, etc., the third is an cacthen
structure. Observations and findings include:

b & Scvere erosion on all cections of the édam.

193] Considerakle settlcement and wash-cut of the ezrthen dam.

I111) Scuthwesterly inlet for 24" @ outlet, had "trecped and
collected” considerable trash and debris, which created
a resugnant array of stagnant vater, to the pcint whera
the southwesterly end of the dam recls the shere line
whica has adjoining résidences.

V) A scction of the 24" ¢ R.C.P. outlet pire had apparently
*wished-out® at the dounstream €face.
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4ALN TEXT - INSPECTIONS (Cont’gd.)

V)

'VI)

VII)

VIII)

B
Center (or composite) section of thn= dam has considerd
scepace, erosion and undarmining. !uimercus deep "goo
on downstrean face emphasize extent of through the d_n
secpage.

Bituminous surfacing on the downstream face of the
conter section has reen displaced and upheaved due to
seepaae, pressure built-up, and freszing effccts.

Ccencrete portion of dam and spillway showed effects
of us2, weathering, and service, waich included:

a} undermining, deterioration and upheaval of
.concrete apron along docwnstream toe.

b) severa spalling and undermining, preducing
a “cave-like® openinj on the downstrean face
whare the center section meots the concrete
rort.cn of the dam.

c) vertical crack and apnrarent scparation of
tha ccacrete dam at the left end of the main
spillway, ranging frem 1/4° at the toe, to
1® at the crest.

d) scvere spalling and erosion at tie water line
cf trhe vrstream foce of the cf :crete. wingwall.
Tha corerc Lc Uth»]Ll thickness has been
tﬂuhLCJ {(ty erosica) frem 172 Lo 1/2 its
orig.nal dironsion, with the reinforcing stpel
clearly expl sed.

e) cracks in the concrete apron have advanced to
the stage where the reinforcainyg steel is
clearly cxposed.

trrediately on the downstroam side of the darm, con-
sidcrable debris has collected. This condition is
ageravated by the upheaved, displaced and cracsked
concreta and ~acadam which "tras®™ the dcbris. The
"putlroies” acsist in the colleciion uf the debris.

The sluice golses are severely corrcided and rust-
se1zed. The concrete sluiewe way nas spalicoa and
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Note:

Section V (Schedule "A" - Photo Exhibits) was
not included in this appendix because of very
poor quality reproduction. If copies of this
section are desired, please contact the owner.
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EVALUATIONS/RECOMMENDATIONS
EVALUATIONS :

The condition and function of the dem has been scverely and
adversely effccted by the continual and progressive deterioration,
undermining and displacement of the dam structure.

The "conditicn" is rnot reversible by mere passage of time.
On the contrary, it will eventually reach the point where the dam
structure will not function in its intended use, and it will be
difficult to maintain the lake at any level due {0 catessive <eiils?

through-the~dam, ‘its cracks and openings.

Aside from the structural considerations, the immcdiate upstream
and downstrcam arcas, with the s<agnant waters and debris, are re-
pugnant from buth a hcalth and acsthetic point of view.

RLCOMIZNDATIONS

A) Restoration - The éam can be restored, and can he made to
function in its intended use. lcwever the full extent of
the "darage® due to deterioration, etc. is difficule, if
not impossible, to precisely determine. Therefore, at rest
the "serviceable-~life” of the restored dam cannot te positively
astablished.

To r:rmove, replace, runew, ctc. che daragd rortions of the
dam to proverly restore it to its oricinal cenditicn would
incur costs esual to or possibly in ex:ess of its roplacerment
caost.

To restore the dam to its origiral condition would fereclese
;ossible considerations cr inclucion of “suszlemental®
functions of the dan, which would irprove its functicn,
health cerdition ard aesthetics.
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RECOMMENDATIONS (Caont‘d.)

H B)

i

C)

e
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L)

s Ry

.m“
Wias

.4 v .3

pees
ot ]

L3

2

a
-

Naplacemant - The dam can be replaczed with little nr no
interruntion nf its nrecant function, *Zurnlomental®
functions can be considerrd and incleded in the new dem,
L lefse shoald not axcsed Raak of pooper rostocatisn €8
the dam. Recermend new dam be located 50 to 75 feet
downstrean ©r present idcation.

*Sapplemental® functions can possibly include:
1 - Plosd~control aspects, by allewing for a “reserve®

capacity Ly raising the dam height or loweriang the
lake bottem.

2 -~ A Bilt cinanout or escape sluica gate at thc bottia
of the dam rear itc center, and preferably 2t the
deepnst point 2nd under the spillway.

3 - rhe <am cenfiguration to minimize stagnant waters
Cia I S %

fhe additioral costs for the “surpi-~mental” functions
should Le ackinal, relative to tiic cverail total cost.

A well fanctioniag cad attroccive dam and loke will stabilize
or !=mprove the property vilucs in the suzrourding and adjoinin

I Lade

Q water plag Loringy will 1acludces steee o & Se LATO=
ekl Toshimy and rtisg timGs - Such buving uad JON A [ B

more specislized. For better control and =~ire roliabls results,
1t 15 recommended that one contracter b2 re:suazih.e for the

voring and testing. The resales f <och worX warli help ¢staniivh
the Fesec nanner of rowcvdal, the cost of roscval, and the approxa-

mate timn rectired ¢o rerove the silt from the lake, and to re-
awove, or Lo comelish-aad--crove, the existing dam structure.
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APPENDIX E

EXCERPTS FROM
"RECOMMENDED GUIDELINES FOR THE SAFETY INSPECTION OF DAMS"

SECTION 4-4 - STABILITY INVESTIGATIONS
(Pages D-18 through D-27)




Reclamation and Soil Conservation Service. Many other agencies, educa-
tional facilities and private consultants can also provide expert advice.
Regardless of where such expertise is based, the qualification of those
individuals offering to provide it should be carefully examined and
evaluated.

4.3.4. Freeboard Allowances. Guidelines on specific minimum freeboard
allowances are not considered appropriate because of the many factors
involved in such determinations. The investigator will have to assess
the critical parameters for each project and develop its minimum require-
ment. Many projects are reasonably safe without freeboard allowance
because they are designed for overtopping, or other factors minimize
possible overtopping. Conversely, freeboard allowances of several feet
may be necessary to provide a safe condition. Parameters that should be
congsidered include the duration of high water levels in the reservoir
during the design flood; the effective wind fetch and reservoir depth
available to support wave generation; the probability of high wind speed
occurring from a critical direction; the potential wave runup on the dam
based on roughness and slope; and the ability of the dam to resist
erosion from overtopping waves.

4.4, Stabilitv Investigations. The Phase II stability investigations
should be compatible with the 3uidelines of this paragraph.

4.4.1. Foundation and Material Investigations. The scope of the foundation
and materials investigation should be limited to obtaining the information
required to analyze the structural stability and to investigate any
suspected condition which would adversely affect the safety of the dam.
Such investigations may include borings to obtain concrete, embankment,
soil foundation, and bedrock samples; testing specimens from these samples
to determine the strength and elastic parameters of the materials, including
the soft seams, joints, fault gouge and expansive clays or other critical
materials in the foundation; determining the character of the bedrock
including joints, bedding planes, fractures, faults, voids and caverns,
and other geological irregularities; and installing instruments for
determining movements, strains, suspected excessive internal seepage
pressures, seepage gradients and uplift forces. Special investigations
may be necessary where suspect rock types such as limestone, gypsum,

salt, basalt, claystone, shales or others are involved in foundations or
abutments in order to determine the extent of cavities, piping or other
deficiencies in the rock foundation. A concrete core drilling program
should be undertaken only when the existence of significant structural
cracks is suspected or the general qualitative condition of the concrete
is in doubt. The tests of materials will be necessary only where such
data are lacking or are outdated.

4.4,2, Stability Assessment. Stability assessments should utilize in
situ properties of the structure and its foundation and pertinent geologic

(p-18)
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information. Geologic information that should be considered includes
groundwater and seepage conditions; lithology, stratigraphy, and geologic
details disclosed by borings, '"as-built'" records, and geologic interpre-
tation; maximum past overburden at site as deduced from geologic evidence;
bedding, folding and faulting; joints and joint systems; weathering;
slickensides, and field evidence relating to slides, faults, movements
and earthquake activity. Foundations may present problems where they
contain adversely oriented joints, slickensides or fissured material,
faults, seams of soft materials, or weak layers. Such defects and excess
pore water pressures may contribute to instability. Special tests may

be necessary to determine physical properties of particular materials.
The results of stability analyses afford a means of evaluating the
structure's existing resistance to failure and also the effects of any
proposed modifications. Results of stability analyses should be reviewed
for compatibility with performance experience when possible.

4.4,2.1. Seismic Stability. The inertial forces for use in the conven-
tional equivalent static force method of analysis should be obtained by
multiplying the weight by the seismic coefficient and should be_applied
as a horizontal force at the center of gravity of the section or element.
The seismic coefficients suggested for use with such analyses are listed
in Figures 1 through 4. Seismic stability investigations for all high
hazard category dams located in Seismic Zone 4 and high hazard dams of
the hydraulic fill type in Zone 3 should include suitable dynamic pro-
cedures and analyses. Dynamic analyses for other dams and higher seismic
coefficients are appropriate if in the judgment of the investigating
engineer they are warranted because of proximity to active faults or
other reasons. Seismic stability investigations should utilize '"state-
of-the-art" procedures involving seismological and geological studies to
establish earthquake parameters for use in dynamic stability analyses
and, where appropriate, the dynamic testing of materials. Stability
analyses may be based upon either time-history or response spectra tech-
niques. The results of dynamic analyses should be assessed on the basis
of whether or not the dam would have sufficient residual integrity to
retain the reservoir during and after the greatest or most adverse
earthquake which might occur near the project location.

4.,4,2.2. Clay Shale Foundation. Clay shale is a highly overconsolidated
sedimentary rock comprised predominantly of clay minerals, with little

or no cementation. Foundations of clay shales require special measures
in stability investigations. Clay shales, particularly those containing
montmorillonite, may be highly susceptible to expansion and consequent
loss of strength upon unloading. The shear strength and the resistance
to deformation of clay shales may be quite low and high pore water pres-
sures may develop under increase in load. The presence of slickensides
in clay shales is usually an indication of low shear stength. Prediction

(D-19)
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of field behavior of clay shales should not be based solely on results of
conyventional laboratory tests since they may be misleading. The use of
peak shear strengths for clay shales in stability analyses may be uncon-
servative because of nonuniform stress distribution and possible progres-
sive failures. Thus the available shear resistance may be less than if
the peak shear strength were mobilized simultaneously along the entire
failure surface. In such cases, either greater safety factors or residual
shear strength should be used.

4.4,3, Embankment Dams.

4.4.3.1. Liquefaction. The phenomenon of liquefaction of loose,
saturated sands and silts may occur when such materials are subjected
to shear deformation or earthquake shocks. The possibility of lique-
faction must presently be evaluated on the basis of empirical knowledge
supplemented by special laboratory tests and engineering judgment. The
possibility of liquefaction in sands diminishes as the relative density
increases above approximately 70 percent. Hydraulic fill dams in
Seismic Zones 3 and 4 should receive particular attention since such
dams are susceptible to liquefaction under earthquake shocks.

4.4.3,2. Shear Failure. Shear failure is one in which a portion of an
embankment or of an embankment and foundation moves by sliding or rotating
relative to the remainder of the mass. It is conventionally represented
as occurring along a surface and is so assumed in stability analyses,
although shearing may occur in a zone of substantial thickness. The
circular arc or the sliding wedge method of analyzing stability, as per-
tinent, should be used. The circular arc method is generally applicable
to essentially homogeneous embankments and to soil foundations consisting
of thick deposits of fine-grained soil containing no layers significantly
weaker than other strata in the foundation. The wedge method is generally
applicable to rockfill dams and to earth dams on foundations containing
weak layers. Other methods of analysis such as those employing complex
shear surfaces may be appropriate depending on the soil and rock in the
dam and foundation. Such methods should be in reputable usage in the
engineering profession.

4,4.3.3. Loading Conditions. The loading conditions for which the embank-
ment structures should be investigated are (I) Sudden drawdown from spill-
way crest elevation or top of gates, (II) Partial pool, (III) Steady

state seepage from spillway crest elevation or top of gate elevation,

and (IV) Earthquake. Cases I and II apply to upstream slopes only;

Case III applies to downstream slopes; and Case IV applies to both up-
stream and downstream slopes. A summary of suggested strengths and

safety factors are shown in Table 4.

(D-20)
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TABLE &

FACTORS OF SAFETY #

Loading Factor of Shear #¢

Case Condition Safety Strength Remarks

I Sudden drawdown 1,2% Minimum com~ Within the drawdown
from spillway crest posite of R zone submerged unit
or top of gates to and S shear weights of materials
minimum drawdown strengths are used for computing
elevation. See Figure forces resisting slid-

5 ing and saturated
unit weights are used
for computing forces
contributing to slid-
ing.

1) Partial pool with Lo5 R+S for RL S Composite intermediate
assumed horizontal Z envelope of R and S
steady seepage shear strengths. See
saturation. S for RD> S Figure 6.

IIT Steady seepage 1.5 Same as
from spillway crest Case II
or top of gates with
Kn/Ky = 9 assumedi*

1V Earthquake (Cases II 1.0 edede See Figures 1 through
and III with seismic 4 for Seismic Coeffi-
loading) cients.

# Not applicable to embankments on clay shale foundation. Experience

#f

*k

has indicated special problems in determination of design shear
strengths for clay shale foundations and acceptable safety factors
should be compatible with the confidence level in shear strength
assumptions.

Other strength assumptions may be used if in common usage in the
engineering profession.

The safety factor should not be less than 1.5 when drawdown rate and
pore water pressure developed from flow nets are used in stability
analyses,

K /K, is the ratio of horizontal to vertical permeability. A

minimum of 9 1is suggested for use in compacted embankments and
alluvial sediments.
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%% [se shear strength for case analyzed without earthquake. It is not
necessary to analyze sudden drawdown for earthquake loading. Shear
strength tests are classified according to the controlled drainage
conditions maintained during the test. R tests are those in which
specimen drainage is allowed during consolidation (or swelling)
under initial stress conditions, but specimen drainage is not allowed
during application of shearing stresses. S tests allow full drain-
age during initial stress application and shearing is at a slow rate
so that complete specimen drainage is permitted during the complete
test.

4.4.3.4, Safety Factors. Safety factors for embankment dam stability
studies should be based on the ratio of available shear strength to
developed shear strength, SD:

S = (€ + tan f (1)
D . —
BiS, T F.S

C = cohesion
¢ = angle of internal friction
J = normal stress

The factors of safety listed in Table 4 are recommended as minimum accept-
able. Final accepted factors of safety should depend upon the degree of
confidence the investigating engineer has in the engineering data avail-
able to him. The consequences of a failure with respect to human life

and property damage are important considerations in establishing factors
of safety for specific investigations.

4.4.3.5. Seepage Failure. A critical uncontrolled underseepage or
through seepage condition that develops during a rising pool can quickly
reduce a structure which was stable under previous conditions, to a total
structural failure. The visually confirmed seepage conditions to be
avoided are (1) the exit of the phreatic surface on the downstream slope
of the dam and (2) development of hydrostatic heads sufficient to create
in the area downstream of the dam sand boils that erode materials by the
phenomenon known as "piping' and (3) localized concentrations of seepage
along conduits or through pervious zones. The dams most susceptible to
seepage problems are those built of or on pervious materials of uniform
fine particle size, with no provisions for an internal drainage zone
and/or no underseepage controls.
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4.4.3.6. Seepage Analyses. Review and modifications to original
seepage design analyses should consider conditions observed in the
field inspection and piezometer instrumentation. A seepage analysis
should consider the permeability ratios resulting from natural deposi-
tion and from compaction placement of materials with appropriate
variation between horizontal and vertical permeability. An under-
seepage analysis of the embankment should provide a critical gradient
factor of safety for the maximum head condition of not less than 1.5
in the area downstream of the embankment.

A H,/p, = Dy (Ym -Yw) (2)
H/Db HYW
ic = Critical gradient
i = Design gradient
H = Uplift head at downstream toe of dam measured above
tailwater

Ho = The critical uplift

Dy, = The thickness of the top impervious blanket at the
downstream toe of the dam

'Y}1 = The estimated saturated unit weight of the material in the
top impervious blanket

‘Y; = The unit weight of water

Where a factor of safety less than 1.5 is obtained the provision of an
underseepage control system is indicated. The factor of safety of 1.5

is a recommended minimum and may be adjusted by the responsible engineer

based on the competence of the engineering data.

4.4.4, Concrete Dams and Appurtenant Structures.

4.4,4,1, Requirements for Stability. Concrete dams and structures
appurtenant to embankment dams should be capable of resisting over-
turning, sliding and overstressing with adequate factors of safety for
normal and maximum loading conditions.
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4,4.4.2. loads. Loadings to be considered in stability analyses include
the water load on the upstream face of the dam; the weight of the struc-
ture; fanternal hydrostatic pressures (uplift) within the body of the
dam, at the base of the dam and within the foundation; earth and silt
loads; ice pressure, seismic and thermal loads, and other loads as
applicable. Where tailwater or backwater exists on the downstream side
of the structure it should be considered, and assumed uplift pressures
should be compatible with drainage provisions and uplift measurements if
available. Where applicable, ice pressure should be applied to the
contact surface of the structure at normal pool elevation. A unit pres-
sure of not more than 5,000 pounds per square foot should be used.
Normally, ice thickness should not be assumed greater than two feet.
Earthquake forces should consist of the inertial forces due to the
horizontal acceleration of the dam itself and hydrodynamic forces
resulting from the reaction of the reservoir water against the structure.
Dynamic water pressures for use in conventional methods of analysis may
be computed by means of the ''Westergaard Formula" using the parabolic
approximation (H.M. Westergaard, '"Water Pressures on Dams _uring Earth-
quakes,'" Trans., ASCE, Vol 98, 1933, pages 418-433), or similar method.

4,4.4,3, Stresses. The analysis of concrete stresses should be based on
in situ properties of the concrete and foundation. Computed maximum com-
pressive stresses for normal operating conditions in the order of 1/3

or less of in situ strengths should be satisfactory. Tensile stresses

in unreinforced concrete should be acceptable only in locations where
cracks will not adversely affect the overall performance and stability

of the structure. Foundation stresses should be such as to provide
adequate safety against failure of the foundation material under all
loading conditions.

4.4.4.4, Overturning. A gravity structure should be capable of resisting
all overturning forces. It can be considered safe against overturning

if the resultant of all combinations of horizontal and vertical forces,
excluding earthquake forces, acting above any horizontal plane through

the structure or at its base is located within the middle third of the
section. When earthquake is included the resultant should fall within

the limits of the plane or base, and foundation pressures must be accept-
able. When these requirements for location of the resultant are not
satisfied the investigating engineer should assess the importance to
stability of the deviations.

4.4.4.5. Sliding. Sliding of concrete gravity structures and of abutment
and foundation rock masses for all types of concrete dams should be evaluated.
by the shear-friction resigstance concept. The available sliding resis-

tance is compared with the driving force which tends to induce sliding

to arrive at a sliding stability safety factor. The investigation should

be made along all potential sliding paths. The critical path is that

plane or combination of planes which offers the least resistance.
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4.4.4,5.1., Sliding Resistance. Sliding resistance is a function of
the unit shearing strength at no normal load (cohesion) and the angle
of friction on a potential failure surface. It is.determined by
computing the maximum horizontal driving force which could be resisted
along the sliding path under investigation. The following general
formula is obtained from the principles of statics and may be

derived by resolving forces parallel and perpendicular to the sliding
plane:

cA
R = V ta +
R Rl Rk coso (1 - tan § tanok ) 9
where
RR = Sliding Resistance (maximum horizontal driving force which can
be resisted by the critical path)
b = Angle of internal friction of foundation material or, where

applicable, angle of sliding friction
v = Summation of vertical forces (including uplift)

(o = Unit shearing strength at zero normal loading along potential
failure plane

A = Area of potential failure plane developing unit shear strength
llcll

ot = Angle between inclined plane and horizontal (positive for uphill
sliding)

For sliding downhill the angle ©¢ is negative and Equation (1) becomes:

cA
: . 4
Ry VoEaE G = Ve) e (1 + tan § tancx ) >

When the plane of investigation is horizontal, and the angle o« is zero
and Equation (1) reduced to the following:

Rg = V tan 6 + cA (5)
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